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© An active matrix substrate for liquid crystal display. 



® An active matrix substrate for the liquid crystal 
display has a switching circuit for switching on each 
of picture elements which Is comprised of the cor- 
responding gate bus line, source bus line and a 
switching transistor and fte switching circuit Includes 
at least one redundant structure for avoiding the 
^inoperativeness of the switching circuit 
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An active matrix substrate for liquid crystal display 



BACKGROUND OF THE INVENTION 



Field of the Invention s 

The present Invention relates to an active ma- 
trix substrate for liquid crystal display on which a 
switching matrix wfth use of thin film transistors is 
formed to drive an individual picture element. 10 



Description of the Prior Art 

The liquid crystal display having picture ele- is 
merrts arranged in a matrix form, as shown in Rg. 
23 schematically, Is widely used. Especially, the 
liquid crystal display panel la widely used for the 
display of an electronic apparatus such as a per- 
sonal computer of lap-top type or the like. 20 

In a recent liquid crystal display panel, so 
called active matrix substrate Is used on which a 
number of thin film transistors are formed in a 
matrix form. As shown In Fig. 21 schematically, 
each thin film transistor (TFT) switches on the 25 
corresponding transparent electrode PE for a pic- 
ture element when designated through both of gate 
and source bus lines QBL and SBL 

Rg. 23 shows a cross-sectional view along A-A 
line of Fig. 22. w 

An insulation film 1a is formed on a glass 
substrate 1 and, a gate electrode 3 is formed 
together with the gate bus line QBL on the insula- 
tion film 1a by etching Ta film. 

This gate electrode 3 and the gate bus Qne w 
3BL are covered with an anodic oxide film 4 of 
Ta20s and a gate insulator 5 of SiNx is formed so 
as to cover whole of the former insulation film 2 
including the anodic oxide film 4. On the area of 
the gate insulator 5 covering (he anodic oxide film 40 
4. a thin film transistor TFT is formed to switch on 
a transparent electrode 6 for each of picture ele- 
ments formed on the gate insulator 5, The thin film 
transistor TFT is formed so as to have a drain 
electrode 7 connected with the picture element 45 
electrode 6, a source electrode 8 connected to the 
source bus line SBL and a semiconductor film 9 of 
amorphous silicon (a-SD formed above the gate 
electrode 3. This semiconductor film 9 is con- 
nected to the drain electrode 7 and the source so 
electrode 8 through a film 10 of amorphous silicon 
and is covered by a protection film 11. 

According to this structure. TFT is switched on 
by applying a predetermined voltage to the gate 
electrode 3 through the gate bus line QBL and, 



therefore, a voltage applied 10 the source bus line 
SBL Is applied to the picture element electrode 6 
through the a-Si semiconductor film 9. 

The gate bus line GBL and the source bus line 
SBL are insulated with each other at their crossing 
zone by an a-Si (i) / a-Si (n*) layer 12 and covered 
by an etching stopping layer 13. 

In such a structure of the active matrix sub- 
strate, if a gate bus line QBL or a source bus line 
SBL Is broken, alt of picture element electrodes 
aligned along the broken bus line becomes Inactive 
to cause a line defect of an image to be displayed. 
Also, If a TFT Is broken, the corresponding picture 
element Is made inactive. 

Conventionally, various efforts regarding the 
production process have been made in order to 
avoid these defects. However, it is impossible to 
avoid them completely only by Improving the pro- 
duction process. 



SUMMARY OF THE INVENTION 

One of objects of the present invention is to 
provide a structure of the active matrix substrate 
for liquid crystal display which is capable of mini- 
mizing possible Image defects such as line defect, 
picture element defect and the like. 

Another object of the present Invention is to 
provide a structure of the active matrix substrate 
which Is capable of preventing possible line defects 
caused by bus One breaks. 

A further object of the present invention Is to 
provide a structure of the active matrix substrate 
which Is capable of preventing possible picture 
element defects due to inoperative TFTs. 



BRIEF DESCRIPTION OF DRAWINGS 

These and other objects and features of the 
present invention will become more apparent when 
the preferred embodiment of the present invention 
is described in detail with reference of accom- 
panied drawings In that; 

Fig. 1 Is an explanative enlarged plan view of 
a portion of the active matrix substrate according to 
the present invention; 

Fig. 2 Is an explanatlve enlarged plan view 
for showing the first step of the production process 
of the active matrix substrate; 

Rg. 3 is a schematic cross-sectional view 
along Ill-Ill line of Rg. 2: 
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Fig. 4 Is an explanative enlarged plan view 
for showing the second step of the production 
process; 

• Rg. 5 is a schematic cross-sectional view 
along IV-1V line of Rg. 4; 

Fig. 6 Is an explanative enlarged plan view 
for showing the third step of the production pro- 
cess; 

Rg. 7 is a schematic cross-sectional view 
along V-V line of Rg. 6: 

Rg. 8 is a schematic cross-sectional view 
along V-V line of Rg. 6 for showing the result 
obtained by performing the third step; 

Rg. 9 is an explanative enlarged plan view 
for showing the fourth step of the production pro- 
cess; 

Rg. 10 Is a schematic cross-sectional view 
along VT-V! Dne of Rg. ft 

Rg. 11 is a schematic cross-sectional view 
along VI*VI line of Rg. 9 for showing the result 
obtained by performing the fourth step; 

Rg. 12 is an explanative enlarged plan view 
for showing the fifth step of the production process; 

Rg. 13 Is a schematic cross-sectional view 
along Vll-Vll line of Rg- 12; 

Rg. 14 Is en explanative enlarged plan view 
for showing the sixth step of the production pro- 
cess; 

Rg. 15 is a schematic cross*sectional view 
along VUI-V1II line of Rg. 14; 

Rg. 16 is a schematic cross-sectional view 
along VHP/11! fine of Rg. 14 for showing the result 
obtained by performing the sixth step; 

Rg. 17 is an explanative enlarged plan view 
for showing the seventh step of the production 
process; 

Rg. 18 is a schematic cross-sectional view 
along line IX-IX of Rg. 17; 

Rg. 19 is a schematic cross-sectional view 
along line IX-DC of Rg. 17 for showing the result 
obtained by performing the seventh process; 

Rg. 20 (s a schematic cross-sectional view 
along line lHI of Rg. 1; 

Rg. 21 is a schematic plan view showing an 
active matrix substrate; 

Rg. 22 is a schematic enlarged plan view 
showing a portion of a conventional active matrix 
substrate; and 

Fig. 23 Is a schematic cross-sectional view 
along line A-A of Rg. 22. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT" 

Rg. 1 shows an enlarged plan view of a portion 
of the active matrix substrate according to the 
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present Invention. 

As shown in Rg. 1, a gate bus line 21 and a 
source bus line 25 are formed so as to cross at 
right angle with each other, A transparent picture 
s element electrode 30 Is formed In each square 
area defined by adjacent two bus lines and adja- 
cent two source bus lines. Each picture element 
electrode 30 is switched on or off to the source bus 
line 25 by two thin film transistors (TFTs) 31 and 
10 32* 

These two TFTs 31 and 32 are arranged par- 
allel on a gate electrode 33 which is formed so as 
to extend parallel to the source bus tine 25 on an 
area defined between the same and the picture 

75 element electrode 30. 

In the present preferred embodiment various 
redundant structures are provided for the gate bus 
line 21, the source bus fins 25 and the switching 
structure of each picture element electrode 30. 

20 With respect to the gate bus line 21, there is 
provided a bypass bus line 22 at every picture 
element electrode 30 which is elongated parallel to 
the gate bus line 21 and terminated before the 
crossing zone 24 with the source bus line 25. 

26 Further, the pan of the gate bus line 21 parallel 
to the bypass bus line 22 and the latter are made 
as a double layered structure, as will be explained 
later. 

With respect to the source bus Gne 25, a 
so bypass bus line 28 which bypasses the crossing 
portion thereof with the gate bus line 21 Is formed 
at the crossing zone 24 and the remaining portion 
thereof except for the crossing zone Is made as a 
double layered structure, 
as With respect to the switching structure for each 
picture element electrode 30. each gate electrode 
33 is formed elongated parallel to both of the 
source bus line 25 and the side of the picture 
element electrode 30 and, two TFTs 31 and 32 are 
' 40 formed parallelly on the gate electrode 33, which 
are able to switch on or off the picture element 
electrode 30 to the source bus line 25, as men- 
tioned above. 

Hereinafter, these redundant structures will be 
45 explained more concretely together with the pro- 
duction process of the active matrix substrate. 



[Rrst step] 

so 

At first a thin film of tantalum (Ta) with a 
thickness of 500 to 5,000 a is deposited on a 
surface of an insulated glass substrate 50. 

Then, as indicated as cross-hatched areas in 
ss Figs. 2 and 3. individual patterns corresponding to 
the gate bus line 21; the bypass bus line 22 
thereof, the source bus line 25 and the gate elec- 
trode 33 are formed by photoetching the tantalum 
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film. The bypass bus line 22 is formed parallel to 
the gate bus line 21 and terminated before the 
crossing zone 24 in order not to Increase possible 
leak and stray capacitance between two bus lines 
21 and 25. 

In this step, the pattern for forming the source 
bus One 25 is formed disconnected and each end 
25b of a unit pattern 25a is formed to extend 
parallel to the gats bus fine 21. 

The gate electrode 33 Is formed elongated 
parallel to the source bus line 25 an the way of- 
which two widened portions 33a and 33b are 
formed corresponding to TFTs 31 and 32. 



[Second step] 

The connected' pattern (cross-hatched area in 
Fig. 4) of the gate bus Bne 21. the bypass bus line 
22 and the gate electrode 33 Is oxidized by the 
anodic oxidization method to form a thin insulation 
layer 41 of TazOs with a thickness of 500 to 5,000 
A as shown in Figs. 4 and 5. 



[Third step] 

In this step, a gate insulator 42 of SiNx with a 
thickness of 500 to 5,000 A, a semiconductor layer 
43 of a-Si <ni) with a thickness of 50 to 4,000 A, an 
etching stopper layer 44 with* a thickness of 300 to 
5,000 A are formed stacked successively by PCVD 
method, as shown in Rg. 7. 

Thereafter, the uppermost layer 44 is pro* 
cessed by the photolithography to form Island por- 
tions 45a, 45b, 48a and 46b as etching stoppers, 
as shown in Rg. 6 and indicated by crossmatched 
areas partially in Rg. 8. 

The Island portions 45a and 45b correspond to 
TFTs 31 and 32 to be formed and the other two 
Island portions 46a and 46b are provided for cover- 
ing the crossing zone of the gate bus line 21 with 
the source bus line 25 and the bypass bus fine 25 
thereof. 



[Fourth step] 

Next, a thin layer 47 of a*Si (n*) with a thick* 
ness of 200 to 2,000 A is formed by PCVD meth- 
od, as shown in Rg. 10. Then, the layer 47 is 
processed together with the layer 43 of a-Si(i) by 
photolithography so as to form island patterns 48a, 
48b. 49a and 48b which cover the island portions 
45a, 45b. 46a and 46b. respectively, as shown by 
cross-hatched areas in Rg. 9. 

Namely, each of these Island portions is com* 
prised of double layers 47 and 43 of a-Sl (n*) and 



a-Si(i)i as shown In Fig. 11. 



[Rfth step] 

6 

As shown in Rg. 12, a pair of through holes 53 
are perforated at each portion of the gate bus line 
21 from which the bypass gate bus line 22 is 
formed. Also, a pair of through holes 54 are perfo- 
70 rated at each end comer of the unit pattern 25a for 
forming the source bus tine 25. 

Each of these through holes 53 and 54 Is 
formed by photoetchlng the Insulation layer 42 of 
SiNx. 

rs Each pair of through holes gives a kind of 
redundant structure for the through hole. 



[Sixth step] 

20 

Next a layer 55 of titanium with a thickness of 
500 to 5,000 A Is deposited by spattering so as to 
cover the whole area as shown in Fig. 15. 

Then, the layer 55 of Tl Is removed except for 
is the cross-hatched areas shown In Rg. 14. 

In this process, two parallel lines 56a and 56b 
are formed so as to connect two opposite end 
portions 25b of the unit patterns 25a for the source 
bus line 25. In other words, the first line 56a 
50 connects two adjacent unit patterns 25a to form the 
source bus fine 25 and the second line 58b forms 
the bypass bus line 26 at the crossing zone 24. 

Also, source electrodes 31 g and 32g and drain 
electrodes 31 d and 32d of TFTs 31 and 32 are 
35 formed, respectively. 

Further* the layers of Tl formed on the gate 
bus line 21 and the source bus line 25 are elec- 
trically connected, through the through holes 53 
and 54, to the portions of Tafilm formed in the first 
4o step, as shown in Rg. 16. 

Thus, the portion of the gate bus line 21 de- 
fined between two pairs of through holes 53 is 
doubled and, also, the portion of the unit pattern 
25a for the source bus fine 25 defined between two 
45 pairs of through holes 54 is doubled. 

The double bus line structure gives- a kind of 
redundant structure to each of the gate and source 
bus lines 21 and 25. 

so 

[Seventh step] 

Next Indium oxide (TTO) is deposited over the 
whole area of the substrate to form a thin film 57 
55 with a thickness of 300 to 3,000 A. as shown in Rg. 
18. 

Then* as shown by cross-hatched areas in Rg. 
17, the ITO film 57 is photoetched to form Individ- 
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ual picture element electrodes 30. Portions of the 
HO film 57 remaining on respective bus lines 21 
and 25 contribute to avoid possible breaks of them 
which may be caused during the patterning pro- 
cess in the sixth step* 

Fig. 20 shows a structure of layers cross-sec- 
tioned along IM1 line of Fig- 1. 

As disclosed abova. various redundant struc- 
tures are provided for avoiding possible image de« 
fects caused by breaks of bus lines and inoperative 
transistors. 

Thus, the present invention is able to provide 
an active matrix substrate being stable In operation 
thereof. 

The preferred embodiments described herein 
are illustrative and not restrictive, the scope of the 
Invention being indicated by the appended claims 
and ail variations which come within the meanings 
of the claims are intended to be embraced herein. 

There are described above novel features 
which the skilled man will appreciate give rise to 
advantages. These are each Independent aspects 
of the Invention to be covered by the present 
application, Irrespective of whether or not they are 
Included within the scope of the following claims. 



Claims 

1. An active matrix substrate for the liquid 
crystal display comprising: 

a transparent insulated substrate; 

a plurality of gate bus lines being formed parallel to 

each other on a surface of said substrate; 

a plurality of source bus lines being formed so as 

to cross said plurality of gate bus lines in such a 

manner that each source bus fine is insulated from 

gate bus lines at respective crossing areas with the 

latter bus lines; 

a plurality of transparent picture element electrodes 
each of which is formed in each area defined by 
adjacent gate bus Ones and source bus lines; and 
a switching means for connecting a picture element 
electrode to a source bus line corresponding there- 
to when it is designated by the corresponding gate 
and source bus lines being characterized in that 
a switching circuit for switching on each of picture 
elements which is comprised of the corresponding 
gate bus line, source bus line and the switching 
means Includes at least one redundant structure for 
avoiding the inoperativeness of said switching cir- 
cuit 

2. An active matrix substrate as claimed in 
claim 1, in which said gate bus line has a bypass 
bus line as said redundant structure, which by- 
passes a portion of said gate bus line inbetween 
the adjacent source bus line. 
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3. An active matrix substrate as claimed in 
claim 2, in which said gate bus fine is formed 
double, when seen In the direction of the thickness 
thereof, at least In a range along which said bypass 

6 line is formed. 

4. An active matrix substrate as claimed In 
claim 1 , in which said source bus line has a bypass 
bus One as said redundant structure, which by- 
passes a portion of said source bus line at each 

io crossing area with said gate bus fine. 

5. An active matrix substrate as claimed in 
claim 4. in which said source bus line is formed 
double, when seen in the direction of the thickness 
thereof, except for the crossing zone thereof with 

is said gate bus line. 

6. An active matrix substrate as claimed In 
claim 1, In which said switching means is com- 
prised of two thin film transistors connected parallel 
between the source bus Tine and the picture ele* 

zo merit electrode so as to form said redundant struc- 
ture. 

7. An active matrix substrate for a matrix dis- 
play of the kind In which an array of display ele- 
ments is controlled by a corresponding array of 

£s switching means, each arranged to control the dis- 
play state of a respective said display element, 
said substrate including an array of display element 
electrodes, a plurality of parallel source lines and, a 
plurality of parallel gate lines extending In a dlrec- 

50 tion across said source lines, said switching means 
being also pan of the substrate and each arranged 
to supply an energizing voltage to the associated 
display element electrode when a given source 
line/gate line pair connected to that switching 

o$ means Is selected, wherein for at least some of 
said display element electrodes, a switching circuit 
which comprises the respective switching means 
and associated portions of the gate and source 
lines in the region of said display element elec- 

40 trode also includes a redundancy element which 
normally duplicates the function of a part of said 
switching circuit 

8. A matrix display device in which an array of 
display elements are controlled by a corresponding 

46 array of switching circuits formed on a substrate 
which also carries electrodes of the display ele* 
merits, a said switching circuit Including a redun- 
dancy structure for inhibiting Inoperativeness of 
said switching circuit 

so 
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